:JOURNAL OF CHROMATOGRAPHY ~ 315
CHROM. 5029. .

A STUDY OF THE CHROMATOGRAPHIC PROPERTIES OI‘ DIPEPTIDES
BY AUTOMATIC ION-EXCI—IANGE CHROMATOGRAPHY

C. HAWORTH" : : : . S o :
Depaviment of Chemistry and Applied Chamsty, The Umvarszty, Salford 5 I ancs. (Greal Bwtam)

(Received January 2oth, 1972)

SUMMARY T

A new empirical relatlonshlp for calculatmg the relatlve elutlon Volumes of

dlpephdes from those of the constituent amino acxds is. proposed The relatlonshlp
is based-on the additivity of relativg elution volumes. .- .
e It:is.shown that values determined usingthe new. equatlon agree closely w1th
the observed and reported elution volumes. The reason for small discrepancies,
‘occurring in a few cases, between the observed values and calculated values are
dlscussed : P = : T

INTRODUCTION

The identificationn of low molecular weight peptides:is of importance in the
“field :of biochemistry. For example, it is an essential step in' the determination of .the
structure of a protein from:the protein hydrolysate. In body fluids the occurrence of
1low. ‘molecular weight peptides is:of clinical interest" ‘because their ‘presencé ‘may be'
correlated with renal physiology : and- ‘meétabolism?.’ However, the ‘techniques ;re-
-quired for:the identification: 'of -even: di- ‘and tripeptides occurring: in: such complex
mixtures are 'time-consuming:and- present ‘many. varied : problems -The ' general
-approach ‘to solvmg the problems is’ 1n1t1a11y ‘to:obtain ‘a ‘map’ ‘of ‘the: pept1de con-
‘taining " solution using’ paper or: tlunalayer chromatographlc techmques Each m-'
leldua.l spot on the map is then: separately eluted: for complete isolation. / b

" In order to obtain a pure compound for charactensatlon each’ md1v1du'11 spot
is subjected to further separation techmques usmg either ‘paper (PC), thm-layer”
(TLEG), or automatic 1on-exchange chromatography Because of :the popularlty of
these techniques attempts have been made ‘to correlate the PC and TLC propertles
i of low imoleculat: weight ;peptides with: those- of :the: Constltuent ammo ‘dcids?-b. An'
empmcal ‘equation relating':such chromatographlc  properties:on’ paper: ‘and ‘thin'
layers of cellulose has been 'obtained by: HAWORTH aND: OLIVER® which gave:results
‘generally in excellent agreement with the observed values. This empirical equation
has:.been- used in:the: 1dent1ﬁcat10m of carnosine in the urme of a: mentally retarded
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childse. Despite the work on paper and thin layers no comparable study using an
automatic ion-exchange technique has been reported. Recently a graphical inter-
‘pretation has: been made: by means of which it was possible to predict the elution
position of some dipeptides?. Accordmgly it was decided to see if a general relation-
shlp between the chromatographic properties of these peptides and their constituent
amino acids exists for the automatic ion-exchange technique. As a starting point in
this study the properties of dlpeptldee on the Technicon instrument were investigated.
The results obtained are presented in this paper and show, that a simple empirical
relationship between the dipeptides and the constituent amino acids does exist.

EXPERIMENTAL

M atenals and eqmj:ment

' Aulomatic son exchange. The instrument used was the Technicon* auto amino
acid analyser Model NC-1. The column (150 X 0.9 cm) was filled with the sulphonated
polystyrene resin Chromobeads (Type B) which has a degree of cross-lmkmg equl-
valent t0:8%; divinyl benzene (D.V.B.) content. :

[ Amino.acids and - peptides. With: the : exceptlon of DL- alanyl-DL-'llamne, ‘DL~
leucyl-DL-vahne, and DrL-alanyl-DL-serine, the amino. acids and-dipeptides’ used in
“this work were the L-enantlomorphs and obtamed from a varlety of commcrcml.
sources.;n - Coy 2%

s Standard solutzons Stock solutlons (o 025 M ) of thc amino '101ds and dlpeptldes
were made up in z-propanol in water (109%). The amount of each dipeptide applied

to the auto analyser necessary to show an identifiable peak had to be determined
md1v1dually by control experiments’. '

M etkods
v o Operation of Technicon auto: amino. acid. analyser. The 24 h -chromatogram

-employing sodium citrate buffers:at.a pH gradient 2.875—5.000 and a flow rate of
i3o-ml/h .was used:according to the instructions given in the Technicon operation
~manual®,The..amino acids and- dlpeptlde ‘solutions were '1.pp11ed to the column

together with an; equal volume of pH 2.874 citrate buffer..: ... . : RETI
. ::Since; arginine is .the-last of. the: commonly: occurrmg amino ac1d's to emerge '
frorn ‘the :¢olumn' it ‘was:chosen. as: arbitrary. standard. ‘throughout this. work. The

relativeiretentiori vélume of arginine (R rg) was given the value 100’ and the elution
.volumes of.other substances were measured ‘relative to arginine. .For the purpose of

mmphﬁc'ttlon RAt'g is abbrevxated to R throughout thw work S T e

PERTA }v«.‘..f-_'?f"n" P R A AT EPVE R

RESULTS AND DISCUSSION

g Table I glves the R values of elght amino amds and ten dlpeptldes obtamed
durmg the course.of:this work, ‘together:withithe R values of- seventeen amino: amds
andA twentv—three dlpeptldes converted from the reSults glven by other aut:hore7

i v'rechmcon Instrumeutq Co. Ltd I-Iamilton Closc, Houndqmills, 'Ba.singstokc, IIants
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TABLE 1

R VALUES® OF TWENTY-FIVE AMINO ACIDS AND THIRTV-THREE SYNTHETIC DIPEPTIDES AFTER
CHROMATOGRAPHY USING THE TECHNICON AUTO ANALVYSER (24 h Chromatogram)

No. Compound Rvalue  No. . Compound ‘ R value
1 Alanine 31.4 30 Alanyl-phenylalanine 75.2
2 Aspartic acid 13.5 31 Alanyl-serine 34.0
3 Asparagine 18,1 32 p-Alanyl-histidine - 86.7
4 Arginine 100.0 33 Glutamyl-alanine 39.8
5 pB-Alanine 61.9 34 Glycyl-alanine - 479
6 Cystine 45.1 ’ 35 Glycyl-aspartic acid 33.9
7 Cysteic acid 3.6 36 Glycyl-glycine ‘ 35.2
8 Glutamic acid 21.0 37 Glycyl-isoleucine 64.3
9 Glutamine 18.x 38 Glycyl-leucine’: 64.8
10 Glycine 28,2 39 Glycyl-lysine .. 94.3
11 Histidine 84.4 40 Glycyl-proline . 571
12 Hydroxyproline 0.6 41 Glycyl-serine . 20.3
13 Isoleucine 52.0 42 Glycyl-tyrosine : 73.2
14 Leucine 54.3 43 Glycyl-valine 55.3
) Lysine 8o.9 44 Leucyl-alanine 55.5
16 Methionine 46,6 453  Leucyl-glycine 63.3
17 1-Methylhistidine 70.5 - 46 . ILeucyl-valine - 60.7
18 . 3-Methylhistidine - 84.3 47.  Seryl-glycine 38.5
19 . .. Phenylalanine : 60.6 " 48 Valyl-alanine . 52,7
20 . Proline. . . ' 23.2 49  Valyl-glycine 51.9
21 Serine 16.4 so  Valyl-histidine - . 93.0
22 ‘Threonine - : 15.8 51’ Valyl-leucine 65.9
23 Tryptophan 88.7 52 Valyl-methionine 64.8
24 Tyrosine 58.6 53 Valyl-phenylalanine 774
25 Valine . 41.1 54 Valyl-proline " 60.2
26 Alanyl-alanine 47.5 55 Valyl-serine C 457
27 Alanyl-aspartic acid 31.6 56 Valyl-tryptophan 99.3
28 Alanyl-glutamic acid 42.3 57 Valyl-tyrosine - 74.5

29 .Ala_nyl-glyoine ‘ 44.7 58  Valyl-valine ' 61.0

n R == clution volume relative to arginine. . ' , TR

The R values have been convorted from RAH values7 * usmg the observed elutlon
volumes of aspartic acid (x70 ml) and histidine (x065 ml). Several of the reported
‘values have been checked during this work and found to be in good agreement,
It has previously been shown that for TLC a plot of the Rj» value of the dipep-
-tide against.the Ry value of the C-terminal amino acid gave.a linear relationship. for
.a constant N-terminal amino acid. Consequently a plot.of the R value for.the constant
'N-terminal series of glycyl alanyl and valyl dlpept1des agamst the R values of the
. constituent C-terminal amino acids was made for automatic ion exchange. The. plots
.obtained are shown in.Fig. 1 as full. lmes. Smce it. has been.shown that structural
‘isomers have very 'similar properties on paper, thm layers 'md 1on—exchange chromato-
. graphic. systems in most caseg2:4:H7 plots can be made for seryl, tyrosyl, phenylalanyl
~and histidyl dipeptides and. these are shown in.Fig. 1 as dotted lines. From a;study.of
‘ I‘lg I 1t can be seen that m each case stralght hne plots were obtamed for dlpeptldes

3 eem——
N
AT

S\

clution time (min) of peak
* Ran =

‘clution time (min).between standards.” 1 00wl e h o T el iy
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Fig. 1. Plot of R value of dlpeptlde versus R value of C-terminal amino acid for the Technicon auto
analyser. Symbols: O, glycyl; A, alanyl V. valyl; @, hlstxdyl Vv, tyrosyl; A, phenylalanyl;
W, seryl; «---- » plots obta.mcd assuming that structural isomers have similar chromatograplnc
properties. : ,

llaVing constant N-terminal amino acid residues. Thus for a particular series from the
equatlon of a stralght hne o :

RPep MR(‘ + r B ‘ | - (x)

where Rpep is the R value of the dlpeptlde, R¢ is the R value of the constltuent C-

terminal amino acid, m is the gradient and I is the intercept on the abscissa. Because

the plots obtained (Fig. 1) are. stralght lines m and I are not functions of R¢. Neither -

m nor I were constant from one series to another, and thus both were found to vary :

with the nature of the N-terminal amino acid. Therefore m and I are functions of the
'f R value of the N-termlnal amino ac1d (RN) Conqequently it may be wrltten

4

S .' 'm (RN)
a.nd LT w F (R) .

I‘rom Flg Im and I'have: been calculated and are given in Table I1 for each series .
‘studied’ together with'the R values of the correspondmg free amino acid. A‘study of :
“Table’ II shows that the gradlent m decreases with an‘increase in the R value of the
i ‘Niterminal amino: ‘acid.’ The converse ‘applies in the ‘case ‘of the mtercept :I' which
“incredses with an’ ificrease in the R value of the N-terminal amino acid. In'an attempt
o, evaluate the above functlons a plot of m versus Ry and a- plot of I versus Ry were -
made usmg the'data gwen in Table II. The plots obtained are given in Figs. 2’ and’3
"respectlvely"From 1*1g' 2,/ the stralght line obtamed shows that the gradxent m is -
g dlrectly proportxonai to'Rx: Therefore B LTI , s

= Rn-}-I' o - L | o (2)

where m was found to be —0.0191 and. I" was found to be . 50. T

’ J Chromatagy., 67 (1972) 315-323
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TABLE II

GRADIENT (M) AND INTERCEPT (I) ON ABSCISSA OBTAINED FROM STRAIGHT LINE PLOTS OF J? VALUE
OF THE DIPEPTIDE versus THE R VALUE OF THE C-TERMINAL AMINO AcID (Fig. 1)

N-Terminal Gradient Intercept R value
amino acid (m) (I)

Serinea ‘ +1.25 —35.5 16.4
Glycine -}-0.99 15.0 28.2
Alanine +0.94 18.5 31.4
Valine +0.75 30.5 41.1
Tyrosinet +0.45 55.0 58.6
Phenylalaninc® +o0.33 65.0 60.6
Histidine® —0.17 100,0 84.4

o Gradient and intercept values from plots obtained assuming that structural 1somers
elute at the same position,

1.54

1.0
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Fig. 2. Plot of gra‘drent (m) versus the R value of the N-terminal amino acid for the series of N-
terminal amino acids given in Table 11. S :

'

Slmllarly the straight line obtained in I* ig. 3 shows that the 1ntercept I is- also
dlrectly proportlonal to RN. Therefore : : SR

| I—m”R +I” o - ) - (3)
where m'’-was found to be 1. 50 and I'" was found to be —28. 5.
~ Substituting eqns. 2 and 3 in eqn. I the following is obtamed g
Rmp—R&mﬁn+I?+DWWn+IW_T”‘l j;.””’,jfxal

0

Insertmg the values for w', I ! m” ancl I " calculated from I‘lgq 2z and 3 the equatlorr
becomes : e R IR - . ; SR

friveo e T RS

RPep == Rc[—o 0191 RN + I, 50] + [I 50 RN - 28 5]

|:”¢-" -,.',','."‘\.
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Fig. 3. Plot of intercept (I) versus the R value ot‘ the N-terminal amino acid for the scries of N-
terminal amino acids given in Table II.

This reari'anges‘ to
Rpe,, =z 1.50[ Ry ~1— R¢] — [0.0191 Ry R¢] — 28.5 (5),

This is the general equatlon relating the Ryep of any dipeptide with the R values of
the constltuent amino acids. '
' Usmg this equation (5) the Rpep values were recalculated for the available
dlpeptldes and are compared with the observed values in Table I1I. From a study
of this table it can be seen that the calculated R value was within 4 3 R units in
twenty-one out of thlrty-three cases and within - 5 R units in twenty-five out of
thirty-three cases. The reproducxblhty of duplicate determinations of dipeptides on
the Technicon instrument is not known and therefore I have chosen . &+ 5. R units;: °
as the criterion for correctness of the equation. The exceptlonal value outside these:
limits may be due to several factors which are not allowed for in the general equation.
For. example, the assumptlon ‘that structural isomers. possessed 'similar. chromato-
graphlc propertles is clearly incorrect in the case of the glycylserine and. serylglycme} ‘
pairs, The R value’ of glycylserine is closely predicted but that.of serylglycme is not.
This d_lscrepancy may be explained as follows. Serine is structurally related to alamne'_'
but because of the hydroxyl group on the B-ca.rbon atom itis of more acidic character';
than alanme Consequently the -R.value of serine on the Techmcon auto. analyser is

lowcr than that 'of alanine (see TableI) by AR of 15.0 umts. I-Iowever companson‘_”
-of the R value of set'vlgly cine and alanylglycme ‘shows a AR ‘of only 6.2 units, Tt'is"" i
.therefore appa,rent that. the seryl group‘in the: peptide is less-acidic:thaniis.the free

amino_acid. - This is’ probably due to intramolecular interaction with the peptlde?;-
jbond of substltuent groups For example, hydrogen bondmg can occur between the =
hydroxyl group of the serine and the carbonyl group of the peptlde bond (see I’lg 4)

J Chromalagr 67 (1972) 315-323
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TABLE I1I

COMPARISON OF OBSERVED R VALUES AND R VALUES CALCULATED USING THE EMPIRICAL EQN. §

FOR THIRTY-THREE SYNTHETIC DIPEPTIDES AFTER CHROMATOGRAPHY USING THE TECHNICON AUTO :
ANALVYSER

Dipeptide: ‘ - Ruvalue ' " Obs—cale.

: Obs. Calc. 4
Alanyl-alanine 47.5 46.9 4+ 0.6
Alanyl-aspartic acid 31.6 30.8 + 0.8
Alanyl-glutamic acid 42.3 37.5 + 4.8
Alanyl-glycine 447 44.0 + o
Alanyl-phenylalanine 752 .. 73.2 -+ 2.0
Alanyl-serine 340 33.4 L+ 0.6
p-Alanyl-histidine 86.7 9I.5..  — 4.8
Glutamyl-alanine 39.8 375 . - 2.3
Glycyl-alanine 479 44.0 4+ 3.9
Glycyl-aspartic acid 339 26.7 e F2
Glycyl—glycine 35.2 40.8 — 5.6
Glycyl—~isoleucine 64.3 63.8 + o.5 '
Glycyl-leucine 64.8 66.0 — 1.2
Glycyl-lysine 04.3 _ 01.5 + 2.8
Glycyl-proline 57.1 21.4 +35.7
Glycyl-serine 209.3 20.6 -3, B S
Glycyl-tyrosine 73.2 70,1 + 3.1 S
Glycyl-valine 55.3 53.3 -~ 2.0 o » ‘
Leucyl-alanine 55.5 67.4 —~11.9 ‘
Leucyl-glycine 63.3 66.0 — 27
Lieucyl-valine 60.7 . 72.0 —1I1.3
Seryl-glycine 38.5 29.6 4+ 89
Valyl-alanine 52.7 55.6 — 2.9
Valyl—-glycine 51.9 53.3 — 1.4
Valyl-histidine ‘ 93.0 93.4 — o4
Valyl-leucine 65.9 72.0 — 6.1
Valyl-methionine 64.8 66.4 — 1.6
Valyl-phenylalanine 77.4 76.4 -+ 1.0
Valyl-proline 60.2 50.0 +10.2
Valyl-serine 45.7 44.8 . -+ o9
Valyl-tryptophan 99.3 06.9 4+ 2.4
Valyl-tyrosine 74.5 75.0 — 0.5

Valyl-valine .. 61.0 . 62.6 — 1.6 .

Co

Also from Fig. 4 it can be seen that intramolecular action with the normal peptide
‘bond cannot easily occur with glycylserine and consequently the observed and cal-
culated values are found to agree well.

~ Reasons, sumlar to the above may be proposed for the other dlpeptldes w1th.

. 4 H - B . . . . . . . E Lo . . . T o N (.< ) T s
/ COOH " o CIOOH T T P S R AR DETE
\ / \ / ( \l/ CH OH T T I F RPN

N|H2F l NH H v P e TR FEE L RN PR ST S B DU SRS TN Y
Serylglycme G Glyeylserine. .., R S S ST :‘:" ;

Fig 4 Dla.gmmmatlc rcprcscntatlon for structural 1qomcrq of dlpcptides from the amlno acxds
serine and glycine.' " i A i VRS ;
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chromatographic properties not closely predicted using the equation, e.g., the different
type. of peptide bond in those dipeptides containing C-terminal proline. However
insufficient data is available to enable these effects to be more closely evaluated.

If the above factors are taken into account then eqn. 5 is valid and can be used
to calculate the elution values of any dipeptides on the Technicon instrument.

4_-\ N
23— o Z
21,8 100
° 15 '
g 17
: 60
g
g 15— . N
$ 237 . [60 | 3
- 14— -
E 13—
n
2 16— 40
9 ,6.
e 25—
o
o
.E . 1_ '20
-l
R R 4l
20—
% -0
- i
1 . : .20 '
. R value C-terminal amino acid

Te) 26 30 40 850 60 7"0",_‘ B85 90 _ o
Fig. 5. Plot of R valuc of the dipeptide’ versus R valuc of the C-termmal amino acid for twanty«f'our :

of the more commonly occurring ammo acids, calcula.tcd using eqn. 5. I‘or key to the numbcrmg
qystem see Table I ' .

P e NSRS B
.4 ) SNy b

I‘:g 5 shows the' plote of R value of the dlpeptu:le versus the R value of the C-
: termmal ammo acid for twenty-four more commonly occurrmg amino acids calculated
usmg eqn s’ “The closer the plots are together in’'Fig.'s the more difficult is the pre-
dicted. separatlon of the pep‘ades on the column. It can ‘be seen that all the. plots
mtersect ata pomt with coordinates 89;3 on the absc1ss-=. and #8.5 on_ the ordmate,
"I‘he R values of lysine and I-rnethylhlstldme are within +*s5R units ofithe value -
78.5. ThlS is sugmﬁcant in ‘that all’ dipeptides contalnmg lysme and all dlpeptldes:
, conta.mmg I-methylhlstldme should ‘be 'difficult to separate in this system, all having -
,R valiies ‘of about’ 89.3R. umts. I-Iowever there may be the occasmnal exceptlon to L
',.;thls ‘duie to Jhtramolecular forces as proposed above.’ ' : Sy
Sl Als it:can: be seen that a small number of dlpeptldes contammg combmatlons
0 he more: aci dJc(:Jammov amds have R values calculated to be negatwe. Such dxpep- |
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It is concluded that a knowledge of the R value of a peptide could reduce the
amount of time necessary to characterise it and this fact is of importance in sequence
analysis of proteins and polypeptides. This is particularly the case if use of the ion-
exchange eqn. 5 is combined with the use of a second separation technique, based on
a different physico-chemical technique such as TLC for which a similar equation is
available®.

Such a combination of data should provide a reliable and powerful means for
identification of unknown deeptldes
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